Effect of high glucose on nitric oxide production and endothelial nitric oxide synthase protein expression in human glomerular endothelial cells.
Hyperglycemia directly contributes to the development of diabetic nephropathy. Nitric oxide (NO), a potent endothelium-derived vasodilator, has been suggested to participate in the regulation of renal blood flow, glomerular filtration rate, and mesangial matrix accumulation. Human vascular endothelial cells are known to exhibit functional heterogeneity, this prompted us to do the first study of NO bioavailability in human glomerular endothelial cells (HGECs), in response to high glucose exposure. NO release was examined by detecting nitrite generation by the Griess assay in HGECs exposed to control-level (5.5 mM) and high-level (15, 30 and 60 mM) glucose solutions at various time periods (24, 48 and 72 h) in the presence or absence of L-arginine (1 mM), or superoxide dismutase (SOD) (250 U/ml). In addition, we evaluated the effect of glucose on the expression of endothelial nitric oxide synthase (eNOS) in HGECs by Western blotting. Final levels of nitrite generated in HGECs were reduced significantly, in a time- and concentration-dependent manner, after high glucose exposure. However, Western blot analysis revealed that eNOS protein expression was significantly upregulated at 12 h after exposure to high glucose concentrations (30 mM), reaching a peak at 48 h (twofold increase over baseline levels). The inhibitory effect of high glucose on NO production was restored by the addition of SOD. Addition of L-arginine (1 mM) to external media also reversed the inhibitory effect of high glucose on NO production of HGECs as well. The present study demonstrated that high glucose increased eNOS protein expression, but decreased NO release finally. Decreased NO bioavailability seems to be associated with overproduction of superoxide and L-arginine deficiency. These findings provide an important clue in clarifying the molecular basis of the mechanisms by which elevated glucose leads to an imbalance between NO and superoxide, resulting in impaired endothelial function. In addition, restoration of NO function by both administration of L-arginine and adequate intake of antioxidants suggests a potential supportive treatment for patients with diabetic nephropathy.